The Great East Japan Earthquake and subsequent nuclear power plant accident caused multidimensional and long-term effects on the mental health condition of people living in Fukushima. In this article, focusing on the influence of the nuclear disaster, we present an overview of studies regarding the psychosocial consequences of people in Fukushima. Studies revealed that the experiences of the explosions at the plant as well as the tsunami are deeply embedded in their memory, leading to posttraumatic responses. Chronic physical diseases, worries about livelihood, lost jobs, lost social ties, and concerns about compensation were also associated with posttraumatic responses. Furthermore, the radioactive fallout brought chronic anxiety regarding physical risks of radiation exposure to people, especially young mothers. People often have different opinions about the radiation risk and their own future plans, resulting in a reduction in the resilience that communities and families had before the disaster. In addition, such weakened community resilience may produce a significant increase in disasterrelated suicide in Fukushima. Specific social issues, such as "radiation stigma" among the public and self-stigma among evacuees, that are never seen with other natural disasters also increased in Fukushima.
Introduction
The Great East Japan Earthquake and subsequent nuclear power plant accident had serious and long-term effects on the mental health condition of people living in Fukushima. 1 The explosions at the Fukushima Daiichi Nuclear Power Plant were totally unexpected, even for many people living near the plant. They confronted an extraordinary situation and fell into panic for several weeks following the accident. 2 The explosions and diffusion of nuclear material caused even stronger anxiety among people who were already terrified by the earthquake and tsunami. In particular, women with young children were more likely to become considerably anxious about radiation exposure. 3 These effects produced not only mental health problems such as depression, posttraumatic stress disorder (PTSD), alcohol misuse, and suicide, but also sociopsychological issues such as public stigma and self-stigma of evacuees. 1 In other words, people in Fukushima seem to have suffered from multidimensional stress across several domains.
To date, approximately 100 000 evacuees remain relocated to other areas of Fukushima Prefecture or Japan. Indeed, the Japanese government has gradually lifted living restrictions on municipalities within the evacuation zone, but opinion surveys conducted by local governments show that numerous former residents are still hesitant to return to their hometowns owing to fear of exposure to radioactivity, the delayed reconstruction and decontamination processes, and the unclear future of their hometown. For example, in Naraha, a municipality where the entire territory was placed under evacuation orders soon after the 2011 disaster, the government lifted the living restriction in 2015. However, a recent opinion survey of evacuees conducted by the Naraha government office indicated that only 8% wished to return as soon as possible. 4 There is great controversy as to whether the accident caused physical problems such as thyroid cancer, and a general lack of interest in mental health issues among the people in Fukushima. However, we should note the fact that more than 80 people have already been officially certified as disaster-related suicidal cases through a rigorous decision process. 5 In the 1986 Chernobyl accident where many cases of thyroid cancer due to the accident were reported, the World Health Organization concluded that the mental health impact of Chernobyl was the largest public health problem caused by the accident to date. 6 In this article, various psychosocial influences on the people of Fukushima caused by the nuclear power accident are reviewed.
Method
Mental health issues seen in Fukushima are so complicated and multidimensional that we summarized them into 4 major themes to discuss them more succinctly: posttraumatic responses, psychological effects on family members, depression and suicide, and radiation stigma and selfstigma. In order to shed light on these themes, we examined not only articles found on medical search engines such as PubMed, but also various types of official reports published by the national and local governments. In particular, Fukushima Medical University has been conducting major population-based mental health surveys (the Mental Health and Lifetime Survey [MHLS]) of residents in the disaster area since 2012. We thus considered complicated issues seen in Fukushima, especially based on data acquired by the MHLS. On the other hand, articles and documents written in Japanese were not cited in this article with the exception of those that directly address mental health issues in the disaster area. Unfortunately, there is not always enough evidence endorsing these various issues. Especially in domains that require consideration from psycho-sociological perspectives, such as radiation stigma, mental health issues have mainly been described as narratives. In addition, although many significant interventions have been carried out for residents and evacuees in Fukushima, very few have provided evidence of their effectiveness. Despite these limitations, we tried to depict current mental health issues in Fukushima as comprehensively as possible.
Results

Posttraumatic Responses
When the first explosion at the plant occurred following the tsunami, most people, even those who lived near the plant, did not expect such a serious nuclear crisis to happen. They were so poorly prepared for such a crisis that they fell into a panic. The lack of information from the government about the accident spurred further panic. Amid the confusion, most residents living within 30 km of the plant were trying to escape from their hometown. Although some people were initially optimistic and refused to leave, most of them were eventually evacuated out of fear of a meltdown and radioactive exposure. Thus, it is quite possible that these evacuees have strong posttraumatic responses related to the plant explosion and the following crisis as well as the tsunami.
One of the initial reports on posttraumatic psychological responses was a retrospective survey of new patients who visited psychiatric outpatient clinics in Fukushima Prefecture 1 to 96 days after the accident. 7 The authors showed that 13.9% of the total number of patients (n = 1321) showed PTSD or adjustment disorder, and 17.2% showed depressive episodes; among them, more than 30% were possibly associated with the nuclear accident. Another early-phase study 8 focusing on rescue workers revealed that concern over radiation exposure was strongly associated with psychological distress, and other studies 9,10 on plant workers 2 to 3 months after the accident demonstrated that discrimination or slurs were associated with high psychological distress.
Several epidemiological studies [11] [12] [13] [14] [15] [16] of evacuees have been published. The MHLS was conducted by Fukushima Medical University on approximately 210 000 of the original residents living in the evacuation zone using self-administered questionnaires 1 year after the accident. 17 Findings from the survey showed that the proportion of adults who scored above the cutoff (≥44) 18, 19 on the PTSD checklist (PCL-S) was 21.6% at 10 months after the accident, and it was almost equal to that of the workers after the 9/11 World Trade Center attacks in the United States, using the same cutoff (≥44) on the PCL-S. 12 A 3-year trend survey 11 of the same cohort indicated that the age-adjusted prevalence of posttraumatic stress had decreased over time, from 19.0% (10 months) to 17.8% (35 months) for men, and from 25.3% (10 months) to 23.3% (35 months) for women ( Figure 1 ).
Another study 15 conducted in Saitama Prefecture on the evacuees from Fukushima 1 year after the disaster showed that 59.4% of residents scored 30 or more on the Impact of Events Scale-Revised (IES-R), which is a 22-item self-rating scale for the screening of post-traumatic stress symptoms. 20 They also examined risk factors and revealed that chronic physical diseases, worries about livelihood, lost jobs, lost social ties, and concerns about compensation were associated with PTSD symptoms. 15 One of the major limitations of these studies is the lack of control group comparisons between the Fukushima Prefecture residents and other disaster areas. However, it seems clear that there is a great amount of evidence on posttraumatic psychological responses to serious nuclear accidents at the current moment. [12] [13] [14] [15] [16] Because of such residual traumatic memories of the accident among the evacuees, those returning to their hometown still seem to be worried that another explosion might occur at the plant in the near future. Their worries and anxieties are likely to make them emotionally unstable and may disturb return of the evacuees. Even in the coastal areas that contain low air levels of radioactive cesium (eg, Minami-Soma City), many evacuees still hesitate to return to their hometown due to their close proximity to the plant. 1 Their hesitation may indicate that the strong posttraumatic responses among the evacuees continue to exist.
Psychological Effects on Family Members
It is known that parents with young children often have chronic anxieties due to the fear of radioactive contamination after nuclear disasters. 21, 22 A survey 23 among women who had registered their pregnancies between August 1, 2010 and July 31, 2011 in Fukushima Prefecture showed that 28% of them had depressive symptoms according to a 2-item screening, which inquired about feelings of depressed mood and anhedonia over the past month. That survey also showed that mothers who lived in regions near the nuclear power plant were significantly more likely to screen positive for depression. 23 Maternal anxiety over radioactivity was identified even in Miyagi Prefecture and was classified into 7 subcategories: food safety, outdoor safety, effects on the fetuses of pregnant women, effects on children, radiation exposure, economic problems, and distrust of information disclosed. 24 A nationwide random-sampling cross-sectional study 25 1 year after the disaster revealed that married couples were more concerned about radiation and food safety than others. It is also reported that working people in Fukushima who lived with young children performed more preventive behavior against radiation 3-5 months after the disaster. 26 Concerns of parents and restrictions on their children's outdoor activities also had a negative influence on children's psychological state, resulting higher obesity rates in disaster-affected areas 3 years after the disaster. 27 In a survey 3 of 97 parents visiting a pediatric clinic in Fukushima City 5 months after the disaster, 77.2% answered that their children became more stressed due to the restrictions on their outdoor activities. 85.1% also answered that they, if possible, hoped to move to a less affected area.
The mental health status of children has been investigated using the Strengths and Difficulties Questionnaire (SDQ) in the MHLS. The prevalence of high risk difficulties according to SDQ (≥16) was 24.4% in children aged 4 to 6 years, 22.0% in children of primary school age (6-12 years old), and 16.2% in children of junior high school age (12-15 years old), about 1 year after the disaster. 12 Overall, 21.2% of the children were identified as requiring support and this rate decreased to 15.3% in the next year. 28 However, this rate was much higher compared with the general population that was not affected by the disaster (9.5%; 4-12 years old). 29 Evacuation or relocation might cause discordance among family members. 1 A 3-year trend survey 14 of the general population in the evacuated zone demonstrated higher levels of psychological distress and posttraumatic stress among residents whose present residence was outside of Fukushima Prefecture compared with those who were living in Fukushima Prefecture during the 3-year period of study. Family members could have different opinions, for example, on the physical risk induced by radioactive exposure, and these discrepancies about risk perception might be larger among people who live larger distances from Fukushima. Another perspective of the discordance of family members might come from a sociocultural context. A preliminary finding using in-depth interviews with the residents of Fukushima and other parts of Japan indicated that compared to mothers, fathers in general expressed less concern for radiation. 30 The author speculated that fathers prioritized their responsibilities as breadwinners for their families and saw radiation risk as a threat to economic stability and masculine identity. 30 For the future, longitudinal large-scale cohort studies, studies of subpopulations, as well as qualitative studies in this area are needed.
Depression and Suicide
As described above, many residents of Fukushima evacuated voluntarily or involuntarily and lost their homes, their jobs, family members, or their sense of community. Compared with other disaster areas affected by the earthquake and the tsunami such as Iwate and Miyagi Prefectures, the situation in Fukushima Prefecture is very specific because these losses are ambiguous. For example, in most cases, the evacuees' houses or other property seem not to have been damaged at all in appearance and the Japanese government frequently stated progress of the relief in the evacuation zone. Thus, many evacuees continue to wait for their hometown to someday become habitable again; however, it is unknown when such a situation will occur. Even though the decontamination is being carried out on schedule, in fact it is not easy for many people to believe their hometown will actually become safe. It is so difficult for them to decide future life plans over the long term that they remain confused and unstable. 1 This difficult and unclear situation may result in an increase in serious loss reactions such as depression as well as PTSD. The MHLS found that 65.7% of the respondents had relocated more than three times since the disaster and 39.2% of families had been separated. 12 Furthermore, the prevalence rate of probable depression among adult evacuees based on the Kessler 6-item questionnaire (K6) was 14.6% in 2012, 11.9% in 2013 and 9.7% in 2014 (Figure 1) 14 ; despite the gradual decrease, these were still considerably higher than that of the general population of Japan: approximately 3%. 31 Furthermore, there is a close relationship between depressive symptoms and individual risk perception toward radiation. The MHLS performed in 2012 showed that the respondents who believed that radiation exposure was very likely to cause health effects were significantly more likely to have depressive symptoms than other respondents. 13 People having depressive symptoms seem to have more pessimistic ideas toward radiation effects, which may exacerbate their depressive state; it is just a vicious circle.
Suicide is another public health issue of growing concern in Fukushima. As described above, 83 cases of suicide in Fukushima were officially certified as disaster-related suicide in the 5 years following the disaster. 5 The certified number of suicides in Fukushima is much higher than those in other prefectures such as Iwate and Miyagi. 5 In other words, such a prominent increase in suicidal cases likely involves the effects of the nuclear power plant accident rather than those of the earthquake or the tsunami. In addition, the standardized suicide mortality ratio (SMR) decreased initially after the 2011 disaster (108 in 2010, 107 in 2011, 94 in 2012, and 96 in 2013) but then rose to 126 in 2014, thus exceeding the pre-disaster level (the reference of the SMRs is the average suicide rate of the general population in Japan) ( Figure 2 ). 32 Because a similar pattern, an increase after a short-term drop, is also shown in Miyagi and Iwate Prefecture, it may involve chronic effects of the disaster.
Kõlves et al 33 reviewed 42 studies concerning the relationship between natural disasters and suicidal cases and found that, in some cases, the rate of suicide and non-fatal suicide behavior initially declined and was then followed by a delayed increase, similar to the changes in the SMR in Fukushima. They also considered that temporary drops in the suicide rate after major disasters might depend on the post-disaster "honeymoon phase." 33 With regard to suicide after natural disasters occurring in Japan, Matsubayashi et al 34 examined the relationship between the severity of disasters and suicide rates using prefecture-level panel data between 1982 and 2010. They found that a decrease in suicide was only found after less destructive disasters, while massive disasters tended to be associated with an increase in suicide rates. 34 This difference, furthermore, was considered to be attributed to a weakened connectedness of social ties among community members. 34 In Fukushima, many evacuees are unwillingly separated from other family members and live in unfamiliar places for long time, 1 which may weaken the social bonds among them as well.
Given the past findings and actual data in Fukushima regarding the increase in suicides, community resilience in Fukushima may be key to understanding the current situation of the people of Fukushima. Generally, if a natural disaster strikes, the bonds and cohesiveness among residents tend to become stronger, and moreover, may enhance the resilience of communities and reduce mental health problems. A past epidemiological study 35 also revealed that the prevalence Figure 2 . Changes in standardized suicide mortality ratio (SMR) in 3 prefectures. The figure shows the changes in SMR in Iwate, Miyagi, and Fukushima Prefectures, which were greatly affected by the disaster even 5 years later. 28 SMR is the ratio between the observed number of deaths in a study population and the number of deaths (suicidal cases) that would be expected, based on the age-and sex-specific rates in a standard population and the age and sex distribution of the study population. As the SMRs in the 3 prefectures indicate a similar U-shape, this pattern, an increase after a short-term drop, may be a result of the effects of the disaster.
of PTSD among people who experienced natural disasters was considerably lower among individuals who had experienced manmade incidents (eg, motor vehicle accidents, physical assaults, rapes, etc). In addition, Japan has a history of being affected by a large number of natural disasters, such as earthquakes, tsunamis, or typhoons, and community members in Japan may have developed a sense of resilience through the process of overcoming such incidents. However, the Fukushima disaster was essentially a major manmade disaster rather than a natural disaster, which have never been experienced in Japan.
The resilience of the communities in Fukushima might have weakened because of multiple difficulties such as long-term evacuation, an unclear reconstruction process, different opinions about radiation risks among evacuees, separation of family members and existence of self-stigma as described below. 1 As Kurihara 11 described regarding evacuees in Fukushima, resilience may be a significant buffer for depression, PTSD, and general health among them.
As well as resilience, studies revealed that people who drink excessively are at risk of suicide. 36 We, therefore, should also pay attention to increases in problem drinkers in order to prevent suicide. The MHLS conducted 10 months after the disaster showed that beginning alcohol drinking after the disaster had a high risk of severe psychological distress. 16 It seems that the prevalence of problem drinking according to CAGE (an acronym for "attempts to Cut back on drinking, being Annoyed at criticisms about drinking, feeling Guilty about drinking, and using alcohol as an Eye-opener") scores remained steady in both males (20. 7% in 2013 and 20.4% in 2014; P = .18) and females (10.5% in 2013 and 10.5% in 2014; P = .91). 14 In spite of a lack of data for the general population in Japan, these data suggest that we need to provide primary prevention for people at risk of alcohol abuse as well as suicide.
Radiation Stigma and Self-Stigma
Public stigma, generally called "radiation stigma," toward people living in Fukushima and selfstigma among evacuees are unique psychosocial issues never seen in other areas affected by natural disasters. For example, many young women in Fukushima are afraid that some people view them negatively owing to assumptions regarding the effects of radiation on future pregnancy or genetic inheritance. 37 Because of such misconceptions or worries, when moving to other prefectures, they often try to conceal the fact that they lived in Fukushima and directly experienced the nuclear power plant accident. 38 In addition, many workers engaging in the repair of the destroyed plant are likely to be suffering from public discrimination toward their working in the plant, resulting in both general psychological distress and posttraumatic responses among the workers. 9,10 "Radiation" is, as it were, a symbol of dirty contamination.
There seems to be more similarity between the people of Fukushima and the atomic bomb survivors of Hiroshima and Nagasaki rather than victims of natural disasters. 1 The atomic bomb survivors, especially young women, tried to hide their life history and refused to talk about their experiences with the atomic bombing as well. The tendency among young female survivors to conceal their experience was associated with worse psychological symptoms than those of the male survivors. 39 The self-awareness of both the atomic bomb survivors and the people of Fukushima should be regarded as "self-stigma" produced by the public stigma related to radioactive exposure. Based on the idea of Corrigan et al, 40 who studied the traits of self-stigma among people with mental disorders, self-stigma could cause 2 diverse psychological reactions among stigmatized people: righteous anger or a loss of self-esteem. In the case of Fukushima, such self-stigmas can cause not only emotional distress within the evacuees but also discordance among community members, leading either to low self-esteem of the evacuees or decline of community resilience as described above. Given the considerable psychosocial effects of self-stigma, efforts to reduce public stigma through the media should be highly prioritized. 1
Discussion
The Great East Japan Earthquake, and in particular the Fukushima Daiichi Nuclear Power Plant accident, caused long-term psychosocial effects on the people of Fukushima. In contrast to natural disasters, the accident had negative social effects such as radiation stigma and weakened community bonds, which may lead to a decline in community resilience. Furthermore, in spite of gradual decreases in the prevalence rates of anxiety and depressive symptoms among the evacuees, some serious mental health problems including an increase in disaster-related suicides have become an important concern. Further careful follow-up of the people of Fukushima and more efficient mental health care networks are necessary over the long term.
With regard to mental health care resources, new major facilities were established in Fukushima after the disaster, which have been providing various interventions for the people of Fukushima. For example, a mental health support team from Fukushima Medical University has been performing brief counseling by telephone to approximately 4000 evacuees at risk of psychiatric disorders such as PTSD or depression every year since the disaster. 41 Another major facility (Fukushima Kokoro No Care Center) with about 50 staff consisting of psychiatrists, social workers, clinical psychologists, nurses, and occupational therapists, also began to provide mental health intervention programs in 2012. This center has 6 branches in Fukushima, providing active outreach service and group interventions for evacuees. 42 These new facilities are trying to maintain good relationships and connections with other pre-existing mental health resources in order to share information. We, however, should point out that the number of staff working with the affected population of Fukushima is insufficient, a situation that has resulted in staff burnout. 43 There were only a few mental health experts in Fukushima even before the disaster and the need for them greatly increased afterward. In order to improve this situation, we need to convey information regarding the current difficulties in Fukushima to other outside experts and raise their level of interest in helping, which may enable local resources to provide long-term mental health services.
Preventing suicide is another urgent issue, especially in Fukushima. Cooperation with stakeholders in Fukushima and establishing a network system providing crisis interventions for individuals at risk of suicide are needed. Furthermore, given the unfortunate situation that robust stigma against psychiatric disorders still exists in Japan, 44 a community-based campaign to dispel public stigma toward psychiatric treatments as well as "radiation stigma" as described above is also needed. 45 
Limitations
As already described in the Method section above, it is often difficult to obtain enough evidence to depict and endorse the mental health issues addressed in this article. There are few longitudinal cohort design studies besides the MHLS. In addition, as many useful documents, including official reports from the national and local governments are written in Japanese, we only cited them to a minimum necessary level.
Conclusion
In this article, we comprehensively described the mental health issues among the people of Fukushima by dividing them into four themes: posttraumatic responses, psychological effects on family members, depression and suicide, and radiation stigma and self-stigma. Many of these mental health issues are thought to be very specific to the nuclear crisis. The people of Fukushima have been dealing with these issues for a long time, the effects of which are likely exacerbated by reduced community resilience. Creating a seamless, long-term mental health care network is key to the success of the reconstruction of Fukushima.
